Abstract: Renewable energy sources (RES) have significant potential to contribute to the economic, social and environmental energy sustainability of small islands. They improve access to energy for most of the population, they also reduce emissions of local and global pollutants and they may create local socioeconomic development opportunities. The aim of this paper is to provide a review of the theoretical and empirical literature on the contribution of RES to the energy sustainability of islands, focusing on the main results and the methodologies used. Papers are classified according to their coverage of the three dimensions of the triangular approach to sustainability (economic, environmental and social). The review also takes into account whether and how the procedural sustainability has been tackled in those papers. It is acknowledged that although several topics have been covered by the existing literature, there are promising avenues for future research on several fronts, both thematic and methodological.
Introduction
In current societies, access to energy is a major factor for sustainability in both developed and developing countries. Small islands are particularly vulnerable in this regard: their geographic position strongly limits the possibility of grid connection to a larger electricity network. Since most small islands lack fossil-fuel sources, fuels have to be imported, which exposes them to increases in fossil fuel prices.
For a short time, islands have been somewhat forgotten in the renewable energy and sustainable development discussion, with sustainable development understood as encompassing a triple economic, social and environmental dimension (see section 3). However, recently, islands were included in the agenda for cooperation initiatives in forums like the European Union and the United Nations. Countries in Europe are developing renewable energy projects in their islands, from the use of wind energy to illuminate the hotels in the Canary Islands to solar energy for households in Crete [1] . Besides the individual national projects, there is a variety of partnerships, initiatives and networks created to transfer, develop, investigate and employ technologies, as well as to set up an effective energy policy, with due consideration to the particular needs of islands (Box 1).
Box 1. Islands in the international discussion on sustainable development. International initiatives to contribute to the sustainable development of islands. Source: Own elaboration.
The international interest in the potential contribution of sustainable development to islands was integrated in the agendas of organizations like the European Union and the United Nations (UN). The initiative Environmental and Development in Coastal Regions in Small Island was launched by the latter and responds to calls for integrated approaches to major coastal problems. It assists its island members toward environmentally sound, socially equitable and culturally appropriate development of their coastal regions [2] .
Small Islands Developing State (SIDS) is a net established in 1997 with the primary goal of supporting the sustainable development of SIDS through enhanced information and communication technology (ICT) . The concerns on the special conditions of SIDS such as remoteness, isolation and geographic dispersion, poor connectivity, limited human and technological capacity, and the need for greater international recognition and assistance in reducing SIDS' economic and environmental vulnerability gave rise to the creation of this network [3] .
In 2000, the Global Sustainable Energy Island Initiative (GSEII) was created. It comprises NGOs and multilateral institutions, which hold a common idea and goals for SIDS. GSEII programs works in nine islands in the Caribbean, Pacific and Indian Ocean Regions at the national level to develop strategic frameworks for sustainable energy development in the islands. The general aims of this network are to reduce dependence on fossil fuels, negative impacts on local environments and greenhouse gas (GHG) emissions. Private investment and trade is encouraged and some strategies are used to enhance socioeconomic development and to secure energy independence [4] .
Other international efforts are targeted to a specific region, such as the Pacific Islands Energy for Sustainable Development partnership (PIESD) that was launched in 2002 as a result of the cooperation of the energy stakeholders in the Pacific Island Countries and Territories (PICTs), intergovernmental organizations, major donor partners and the private sector with the main objective to achieve a sustainable energy sector [5] .
Box 1. Cont.
In 2003, another partnership was created between developing and developed countries: 100% Renewable Energy Islands. It focuses on the sustainable development of SIDS and energy for sustainable development. It assists island states to meet 100% of their energy requirements from renewable energy sources (RES) by helping them with the preparation and planning, organization and all the technical, financial and managerial inputs required to implement the 100% RES plan. [6] The European Union co-funded European REislands (European Renewable Energy Islands), a partnership in which Sweden, Spain, Italy, and Greece cooperate, and which aims at increasing awareness of RES, and encouraging citizen motivation and commitment to move towards a 100% RES environment. [7] Another international partnership is the Energy Development Island Nations. It was created in 2008, with the main objective to advance the deployment of renewable energy and energy efficiency technologies in islands across the globe. This objective is intended to be accomplished by offering islands the necessary resources to help them develop sound policies and finance clean energy technologies [8] .
Renewable energy sources (RES) have significant potential to contribute to the economic, social and environmental energy sustainability of islands. RES improves access to energy by most of the population, but also reduces emissions of local and global pollutants and may create local socioeconomic development opportunities. The aim of this paper is to provide a review of the theoretical and empirical literature on the contribution of RES to the energy sustainability of islands (focusing on the main results and methodologies used) and to identify promising lines for future research on this topic. It should be stressed that the review of the international initiatives on RES and islands is focused on the description of the political claims of each initiatives, rather than on specifying the size of intervention or the selected RES technologies. This paper is structured as follows. The next section explains our interpretation of sustainable development, the main characteristics of islands from an energy sustainability perspective and how renewable energy can theoretically contribute to their sustainability. The main findings of the review on the literature on the contribution of RES to the sustainable development in islands are provided in Section 3, whereas a discussion of this literature is provided in section 4, which also points out some directions for further research.
Sustainable Development and Renewable Energy in Islands
The aim of this section is to explain how sustainable development is interpreted in this paper (2.1), to describe the main characteristics of islands from an energy sustainability perspective (2.2) and to discuss the potential contribution of RES to the sustainability of islands (2.3).
Our Interpretation of Sustainable Development
Sustainable development (SD) has traditionally been defined as development that meets the needs of the present generation without compromising the ability of future generations to meet their own needs [9] . However, this is far from being an operative definition which could allow us to say whether a given country, region or, for the purposes of this paper, island, is in a transition process towards sustainability or the extent to which a given development proposal is "sustainable".
Particularly, the territorial dimension of SD calls for the use of a more operative approach to sustainability, which is adapted to the regional or local territorial contexts. In this regard, two major conceptual frameworks to assess the sustainability of specific development projects in specific territorial areas can be distinguished: substantive and procedural sustainability.
The first one considers how a specific project contributes to the improvement of the economic, social and environmental conditions of a specific territory, thus to the welfare of its population. The literature on SD has tried to make this substantive approach operative through three major approaches: (1) Sustainability as the maintenance of the stock of capital (natural, man-made, human and socio-cultural); (2) the triangular approach, which considers the three interrelated dimensions of sustainability (economic, social and environmental) and; (3) the materials balance approach [10, 11] . Regarding substantive sustainability, and for the purpose of this paper, the second approach is used in order to identify how a specific renewable energy project influences the economic, social and environmental dimensions of the sustainability of a given island.
The triangular approach takes into account the three dimensions of SD (economic, social and environmental) and tries to assess the sustainability of a given development proposal according to them (Figure 1 ) [12] . This approach continues to be highly influential. It forms the basis of the structure of the indicators of SD collected by key organizations all over the world, including the UN, the OECD and the European Commission [13, 14] . Therefore, following this approach, a sustainable local policy must tackle the three dimensions of sustainability with the aim to increase the standard of living of its citizens, i.e., it has to be sustainable from a substantive perspective: Environmental. Reduction of local and global pollution (among them, emissions of greenhouse gases), lower exploitation of the natural resources in the territory and maintenance of the resilience (ability to adapt to change), integrity and stability of the ecosystem.
Economic. Increase of regional per capita income, improvement in the standard of living of the local population, reduction of energy dependence and increase in the diversification of energy supply.
Social. Some authors stress that SD cannot be achieved without the sustainability of social and cultural systems, which includes the achievement of peace and social cohesion, stability, social participation, respect for cultural identity and institutional development [15] . Reducing unemployment and improving the quality of jobs (more permanent jobs), increasing regional cohesion and reducing poverty levels are key actions at local level to achieve social sustainability. For example, activities such as renewable energy deployment, which are an alternative to traditional agriculture, should be encouraged. This has a particularly positive psychological impact on the prospects of the young local population.
Due account should be taken of the impact of a renewable energy project on the three sustainability dimensions (economic, social and environmental). The deployment of renewable energy projects may contribute to these three dimensions of local sustainability in islands.
However, a given project should not only be sustainable according to the aforementioned three dimensions. It should also comply with the "procedural sustainability" approach. This is a participatory approach which takes into account the opinions and interests of all stakeholders [16] . This calls for a wide social participation process in the implementation of SD instruments and activities at the local level whereby all interested parties are involved. The acceptance or rejection of the project by the local population can make the implementation of a renewable energy project and its contribution to local sustainability either a success or a failure.
The "procedural sustainability" stream of the literature argues that the analysis of the sustainability of a given development proposal (project) should not only focus on the impact of this proposal but, also, on how this impact is perceived by the local population, how the benefits are distributed among the different actors and how this perception and distribution affect the acceptance of the project and, thus, its feasibility.
Of course, both approaches to SD (substantive and procedural) are interrelated. The local sustainability impacts of a renewable energy project depend on the features of the local actor network and on the conditions and characteristics of the stakeholders themselves. In turn, the greater the benefits for the local communities, the greater the attractiveness of local areas and the greater the possibilities for the social acceptance and success of the project. At the end, support for renewable will depend to a large extent on the perception of its benefits at the territorial/local level. The deployment of renewable energy projects would benefit from the previous engagement of local actors because the rejection of the project by these actors could make its implementation a difficult endeavour.
The approaches adopted in this paper are the triangular and procedural approaches. A local SD strategy should combine a top-down (triangular sustainability) and a bottom-up (procedural sustainability) approach. Both approaches are crucial to analyze the contribution of renewable energy sources to local and regional sustainability. First, renewable energy deployment can contribute to the three sustainability dimensions at the regional level. Second, the existence of local participatory processes is crucial for the implementation of renewable energy projects because the acceptance of this project by the socioeconomic actors in a given territory facilitates its deployment.
The Main Characteristics of Islands from an Energy Sustainability Perspective and How Renewable Energy Can Contribute to Their Sustainability
Even though islands around the world have different landscapes and a diversity of natural resources, they share some common features that are relevant regarding the aforementioned triple dimension of SD. On one hand, they usually have good renewable energy resources, notably wind, solar and ocean. In addition, their lack of fossil fuels makes them highly dependent from foreign energy sources, and thus, economically vulnerable. Scarcity of drinkable water is also often an important problem, which makes them dependant on external supplies from the mainland or, alternatively, on setting-up desalinization plants, which consume a significant amount of energy [17] [18] [19] [20] . Many papers have stressed that desalination with RES may represent a valid and economically interesting option to the energy-intensive process of desalination (see 21 for an overview), especially when fossil fuels for water transportation are too expensive or when there is no electricity grid to feed the desalination plant in remote and arid areas, where the use of conventional energy is costly or unavailable. This is precisely the type of situation of many islands. If desalination is an energy-intensive activity and energy supply in the island is based on fossil-fuel sources, then a security of supply crisis could lead to a parallel water availability problem. Large tourist inflows aggravate this problem, thus leading to significant increases in water and energy demand during the tourist seasons. Using RES for desalination could kill these two birds with one stone. However, it is not only an issue of how RES can contribute to desalination, but also what desalination can add to RES. As argued by [22] , the stochastic nature of RES and expensive energy storage limits the penetration of RES to the power generation system of a region, but desalination systems allow to use the available RES potential in an economically efficient manner. The energy produced is consumed for potable water production which can be stored economically for a large period of time before consumption.
There are plenty of desalination methods using RES. Following [22] , the RES-desalination coupling schemes could be divided in two categories: 1. RES-desalination coupling schemes that require the RES unit and the desalination unit to be located in the same area coupling and Geothermal-electricity-Reverse Osmosis (RO)). Their selection should be made taking into consideration simplicity, easy handling, availability, maturity of the technology, guarantee of fresh water production, suitability of the system to the characteristics of the location, possibility of future increase of the system capacity, efficiency, availability of local support and simplicity of operation and maintenance of the system, among others [21] .
Two main interrelated aspects of the contribution of RES to the SD in islands are deemed very relevant, but not limited to them: poverty alleviation and security of supply.
On one hand, access to energy has been highlighted as a major factor to reduce poverty levels of the local population, although both in islands and mainland [23, 24] . According to the report from the UN on energy and environment, "The Energy Challenge for Achieving the Millennium Development Goals", there is a clear relationship between access to energy and achieving the Millennium Development Goals [23] .
On the other hand, lack of adequate energy services is a constraint to development, which is probably more relevant in an island context than on the mainland [8, 16, 24] . Lack of energy limits the potentials of meeting basic needs of those who require energy to undertake essential domestic, agricultural and educational tasks, to support health and transport services, and to initiate or develop manufacturing or trading enterprises [24] . Therefore, access to energy may reduce some of the barriers to SD in islands (as well as on the mainland), such as poverty, poor state of health and education and environmental degradation. Renewable electricity may meet the increasing demand for commercial energy for those with access (mainly in cities), and provide access to modern, efficient and clean forms of energy for the majority of the population in isolated and rural areas, alleviating poverty. As stressed by Pérez and Ramos [25] , small-sized electricity systems, which are not connected to other systems, present a series of characteristics that complicate and raise the costs of electricity supply: (1) generation units cannot be too big as the loss of one generator would have a large effect on the overall system. This makes it difficult to exploit economies of scale to the same level as in large electricity systems and complicates the technical management of the network with regard to frequency and voltage. (2) More reserve capacity needs to be maintained to ensure adequate supply, meaning that islands cannot take advantage of the possibilities inherent in interconnected electricity systems, which generate greater stability in a system. Weisser [26] also argues that electricity supply in these territories is more expensive because there are high fuel transmission costs. These constraints require a different approach from that of mainland territories. Roper [27] notes that electricity prices in SIDS are generally between 20 and 35 cents (US) per kilowatt hour, which is much higher than prices in the USA or Europe. Secure supplies of affordable and reliable energy are an essential element of economic and social development. Electricity is vital to the delivery of social services such as health, education, water and sanitation, and it enables job creation and frees time for productive pursuits. At present, 70% of Pacific residents do not have access to electricity and depend on a mix of fuel wood, kerosene and batteries for energy supply.
Therefore, since energy is critical in reducing poverty and enhancing development opportunities, security of energy supply in islands is a crucial topic from the perspective of SD. Securities of supply issues are deemed relevant everywhere, but they can be particularly relevant in islands, given their isolated geographical situation.
Security of supply has two main sides. On one hand, it refers to foreign energy dependency. On the other hand, it reflects the reliability of different energy sources to provide energy where and when it is needed. Regarding the first aspect, RES are unambiguously highly beneficial in the regard that the fuel (the renewable resource) is indigenous to the territories.. As argued by Maria and Tsoutsos [28] , the energy balance could be improved with the reinforcement of energy independence and safety and decentralization of energy production systems, simultaneously reducing losses of transferred energy and national energy dependence.
However, on the second aspect the assessment is not so clear. Some RES are intermittent, thus it is not easy to guarantee a specific energy supply at a given moment in time. The lack of interconnections with the mainland reinforces this problem compared to places in the mainland. Of course, back-up capacity may mitigate this problem, although at a cost. The need for back-up capacity may be stronger for the same level of penetration of RES than in the mainland. A combination of different types of RES (i.e., so-called hybridization) may also contribute in this regard.
Of course, from a triple sustainability perspective there are other benefits of RES in islands, including reduction of emissions of pollutants (both local and GHG). From an economic and social point of view, RES have the potential to contribute to local development opportunities and jobs. The local community could be beneficiated with their inclusion in the process of development the RES and also it could revitalize the economy of underdeveloped community areas. Economically, RES could deliver investments in remote areas, increase in local employment, and reduction of currency loss when importing conventional fuels. The money saved by the reduction of fossil fuels use, would allow more financial resources to be allocated in other critical social and economic sectors and towards implementation of SD policy in general.
The Review
Given their potential advantages from a SD point of view, as explained in the previous sections, some studies have been carried out on the contribution of RES to the SD of islands. This section identifies the most relevant studies in this context. The overview of the literature performed in this paper is not necessarily exhaustive, but it is certainly representative of the topic of RES and SD in islands. The next section discusses some of the results of these studies. Further details on each study can be found in the Appendix.
Regarding the scope of the review, we are only interested in studies that analyze the effect of RES on any of the three dimensions of SD (economic, environmental and social) in islands, although studies related to the analysis of barriers to the uptake of RES in islands are not within the realm of this review. In contrast, given their relevance for the SD of islands, papers dealing with public policy issues (what specific RES promotion policies are appropriate in islands as compared to the mainland and how RES can and should be promoted in order to improve the SD of specific islands) are also the object of this review.
Concerning the method used to carry out the review, the papers included in this study were selected using the database Science Direct according to their compatibility with the aim of this article (RES contributing to the sustainability of islands). There was no date limit for the publications except that set by the database. This was complemented with an internet search and with informal interviews with renewable energy experts in Spain in which the interviewees were asked about studies on SD in islands.
Of course, the islands included in this review differ in some respects, for example, distance from the mainland: those islands in the Mediterranean, particularly, the Greek islands, are relatively close compared to those in the Pacific and Atlantic Oceans . In addition, population density widely differs (see Appendix).
Notwithstanding, these islands have several common features, which are highly relevant in an energy sustainability perspective. They are small islands in places with temperate climates, most of them belong to democratic states and have medium to high development levels.
Furthermore, they are usually tourist sites, receiving a significant, and often increasing, number of tourists, which aggravates the problems of energy and water supply with the existing capacity, especially during peak tourist periods [29] . This is particularly the case in some islands in the Caribbean and Mediterranean area. For example, the Canary islands received 12 million tourists in 2008, compared to a local population of two million. Crete received two million tourists, compared to 624,000 inhabitants. The Spanish island of Ibiza in the Mediterranean received 540,000 in August 2009 versus a local population of 114,000 inhabitants [30, 31] .
The difficulty for grid connections to a larger network in the mainland, together with the difficulty to implement certain energy sources (hydro and nuclear), especially in the smaller islands, usually makes them highly dependent on fossil-fuel energy sources. This dependency is reinforced by the fact that lack of interconnections makes reliability an even greater issue than in the mainland. Renewables may reduce this dependency, although fossil fuels will continue to represent a large share in the electricity generation mix because back-up capacity is likely to be necessary with high penetration of RES.
The information of the review has been structured in the following manner. We have identified which dimension (economic, environmental and social) of sustainability is affected. Papers dealing with procedural sustainability are included under the social dimension. In addition, the specific theme tackled is mentioned. Usually, the study concerns more than one dimension.
In order to include studies under the headings of the economic or the social dimensions in the following table, many studies dealing with energy supply issues are considered predominantly economic when this affects private businesses and fall under the social dimension when the provision of a public good like education is affected. It is considered both economic and social when it affects the supply of energy for the whole population (citizens). The dimension predominantly covered is the economic one, whereas the social, and especially, the environmental aspects have received less attention (see next section). Regarding the geographical coverage, as illustrated in Figure 2 , most of the studies focus on the Mediterranean region, especially Greece and Spain. The reason could be the local interest to fulfill the goal of the European Union of Renewable Energy development and the relatively high economical level of these European islands in comparison with others, which favors RES deployment. Another criterion for classification of the studies is those dealing with renewable energy planning and those with renewable energy use. The literature on renewable energy planning includes ex-ante assessments of the viability of different renewable energy options, considering the local RES [36, 40, 43] , and ex-post studies on economical performance evaluation of existing RES [50] . Concerns about the environmental impact of RES plants and issues related to energy storage systems were other aspects studied in the renewable energy planning literature.
Concerning renewable energy use, the use of renewable energy in islands was proposed to resolve some inherent problems of islands like desalting of brackish or seawater to supply drinking water, tourism, education, seasonal energy buffering and to support private investment.
On the other hand, the technical feasibility of various options for integrated energy and resource planning of RES in islands are topics that can usually be found in this literature. This is done with different methodologies [52].
Discussion and Some Directions for Future Research
The previous section provided an overview of the literature on the contribution of RES to the SD of islands. The main features of this literature are discussed here and their major drawbacks and gaps in knowledge indicated, suggesting some directions for future research. The review suggests that although several topics have been covered by the existing literature, there are promising avenues for future research on several fronts, both thematic and methodological.
(1) Security of supply is certainly a main factor in favor of the uptake of renewable energy sources in islands, if not the most important driver. Lack of interconnections with the mainland (whether electrical or through oil pipelines) makes them more vulnerable in this regard. Electricity generation is normally based on fossil fuels (often oil). Fossil fuel energy sources need to be shipped from the mainland. In addition, the small size of many islands makes them inaccurate for the implementation of some energy technologies (particularly, nuclear and large hydro). In addition, the relatively small size of power plants is a barrier to the achievement of economies of scale in electricity production. Given the geographical situation of the islands covered in this review (see Figure 2 ) they are likely to profit from high sun radiation levels. This, together with generally high-quality winds, suggests that their wind and solar potentials are likely to be high. However, the benefits of renewables in terms of security of supply are assumed in the literature rather than measured. In particular, there are no comparisons of the costs and benefits of a greater uptake of RES in terms of security of supply. In other words, a greater penetration of RES entails benefits in terms of security of supply for the local population in islands, but also costs because the uptake of these technologies needs to be subsidized. In addition, RES have an ambiguous relationship with energy security. While it is true that they reduce the need for non-indigenous energy sources, their intermittency (in the case of solar and wind) can be problematic in this regard, specially in a small territory, because of the difficulty to offset a lower availability of the energy resource in one location with a greater availability in another location, as it is the case in large islands (see Sinden [53] for the case of the U.K.). The need for back-up capacity is unavoidable, represents an added cost and makes fossil-fuel sources necessary in the end. These aspects need to be tackled in further research.
(2) At a more general, broader level, there is also a lack of assessment of the costs and benefits of different renewable energy alternatives with respect to other key aspects apart from lower energy dependency, including local environmental impacts. For example, although there are some papers dealing with the local socioeconomic benefits of RES, the analysis of these benefits, which in studies in the mainland have been mostly related to greater development opportunities and job creation [11] , is scarce. The environmental impacts of new RES plants (i.e., visual impact and land use) on tourism need to be taken explicitly into account. Tourism usually represents a large share of islands' total income, i.e., a conflict between tourism and RES may exist, although [29, 34] suggest that this does not necessarily has to be the case.
(3) In addition, the social dimension of the contribution of RES to the SD of islands has hardly been tackled. In particular, public acceptance issues of RES in islands seem to have been neglected to some extent, with some exceptions (see Table 1 ). This points out a weakness of the reviewed literature in terms of procedural sustainability. Often, successful adoption and diffusion of innovations is assumed to be merely an issue of securing the techno-economic dimension. In practice, many technological projects are facing severe resistance from various stakeholders. Successfully diffusing innovations relies on creating the societal acceptance of the technology. How this social acceptance can be created in islands is an interesting topic worth exploring.
(4) On the other hand, the environmental dimension is not sufficiently tackled. There is a surprising paucity of analysis both on the environmental impacts of RES in islands (with the exception of María and Tsoutsos [28] ) and, more importantly, on the environmental problems that can be alleviated through the use of RES. The fact that most of papers deal with energy aspects of RES in islands, and much less with environmental aspects, might be a reflection of these aspects being significantly less relevant with respect to the mainland considerations, as argued by one of the reviewers of this paper. Renewables might not significantly improve the environmental dimension, since they use valuable land more inefficiently than imported fossil fuels. Since islands are usually rinsed by maritime winds and currents, emissions of local pollutants might not be a significant issue as on the mainland. However, environmental impacts are not only related to soil occupancy or emissions of pollutants. There are other impacts that should be acknowledged. These include water use and water pollution, but also soil occupancy related to the storage of fossil fuel reserves and GHG emissions. When islands are in countries with GHG commitments (i.e., Kyoto Protocol), then the shift from fossil-fuel energy sources to RES is relevant to comply with those commitments. Finally, environmental impacts affect the social acceptability of RES projects. They are thus very relevant not only from a triangular sustainability perspective but also from a social (procedural) sustainability point of view.
(5) In short, there is a surprising lack of multicriteria studies on this topic, i.e., detailed studies on how RES can contribute to the different aspects of the three dimensions of SD, as defined in this paper (i.e., economic, social and environmental). We defend a more holistic approach than has been applied so far in the literature to analyze the contribution of RES to the SD of islands. With the exception of [49], the literature has focused on a particular aspect without due regard to other aspects which are crucial from a sustainability perspective. The existing literature provides a partial analysis in this context. To our knowledge, no study encompasses all the dimensions of sustainability, although some may deal superficially with specific aspects of the three dimensions (see Table 1 ).
(6) Related to issues of public acceptability, but also to the application of new methodologies, there is a growing body of studies which try to infer the willingness to pay (WTP) for RES with either contingent valuation or choice experiments methodologies (see, for example, [54] and [55]). However, only a few have been carried out in islands, mostly the U.K. and in Greece (e.g., Koundouri et al. [56] , who analyze public attitudes towards renewable energy generation and their WTP for a wind farm in the Island of Rhodes (Greece), identifying significant positive values deriving from the proposed project). By allowing a comparison of the costs and benefits of the implementation of RES projects, these methodologies may be useful in supporting political decisions. It would be useful to identify whether such WTP would be greater in islands compared to the mainland. Although it is, of course, very difficult to compare studies in different places and control for the different variables which affect the valuation of RES, this would provide a hint of how is RES valued in islands compared to the mainland, i.e., the specific features of islands which make RES particularly beneficial for these.
(7) Regarding the geographical coverage, this has proven to be highly uneven, with an overrepresentation of Mediterranean islands and an under representation of islands in other parts of the world. We believe there is a great potential to carry out in-depth analysis in islands particularly in Asia and Africa, because of the general link between RES and poverty alleviation. Mediterranean islands have already a comparatively high standard of living and access to energy, although, as other islands in the world, they illustrate on the potential and significant pressure of large tourist inflows energy resources. Yet, as stated elsewhere (see 2.3), in the poorer islands in the world, the improvement in the access to energy is mostly related to poverty alleviation. (8) In addition, the contribution of RES to the transport systems in islands is hardly tackled, with the exception of [23] and [36] . This is a serious gap in knowledge, in so far as virtually all papers focus on electricity and heat, none focuses on cooling and only two concentrate on the analysis of RES uses in transport. Given the relative scarcity of fuel sources in transport compared to electricity generation and the fact that this sector is highly dependent on oil (which makes islands highly exposed to energy supply risks), this is a serious omission. RES can contribute to the needs of the transport sector in two manners: through the production of biofuels and through production of electricity to fuel electric cars.
Both have their disadvantages. Biofuel production is likely to interfere with other land uses, in places (islands) where land may not be abundant, especially in the small ones. Electric cars are still rather expensive and will remain so for some time [57] . Both certainly limit the extent to which RES can be introduced in the transport sector in islands, but this topic deserves further research.
(9) The public policy dimension has been mostly absent, with the exception of [26] and [35] . There is an abundant literature on RES support schemes (see [58] ), which does not differentiate between islands and mainland. Therefore, it would be interesting to investigate what specific RES promotion policies are appropriate in islands (compared to the mainland) and how RES can and should be promoted in order to improve the SD of specific islands. A recent pioneering work in this direction is [25] for the case of the Canary Islands. It should also be analysed what are the differential barriers to RES with respect to the mainland. Roper [27] provides a preliminary analysis. Soil occupancy might be a more relevant barrier than on the mainland.
(10) As shown in the review (Table 1) , many studies on RES in islands deal with energy supply while the focus of others is on how RES can improve water supply (mainly through their contribution to desalinization). Access to water is obviously a key aspect of SD in islands, but the contribution of RES to water supply may conflict with its contribution to energy supply. An integration of perspectives has been lacking, i.e., co-optimization of the contribution of RES to water and energy supply.
(11) Hybridization between different types of RES, understood as the use of a mix of different RES, may be particularly relevant in islands compared to the mainland, given the potential contribution of a combination of RES (with respect to one single RES) to the reliability of energy supply and the potential availability of a mix of renewable energy resources (wind and solar). Biomass is the least intermittent RES, while the major differences in hydro production occur from year to year or season to season. In contrast, wind and solar are highly intermittent and more unpredictable (i.e., less "manageable"). Of course, combining less intermittent with more intermittent RES would enhance the reliability of the system or the social benefits compared to the single use of RES. But even the combination of those intermittent RES (wind and solar) could be beneficial in this regard. This is so because, while the availability of the wind resource improves in winter and at night, the solar resource is available with daylight and more in summer time. To our knowledge, there has not been any analysis on the contribution of hybridization of RES to the security of supply in islands.
(12) In addition, the main contribution of RES to either peak load or base load in islands (compared to the mainland) should be analyzed. In this regard, the lack of interconnections with the mainland may reduce the potential contribution of RES to base load compared to the mainland. In contrast, the existence of a tourist peak in the summer may enhance the relevance of solar technologies to provide peak demand. This is a very relevant topic in islands given that many of them are recipients of large tourist inflows, especially during the summer season (for example, the population of the Spanish island of Ibiza, 114,000 inhabitants, may increase six-fold in August), which increases the need for peak-load capacity compared to other seasons in the year.
(13) Finally, the methodologies used in the papers reviewed vary depending on the type of study. Often times the authors used a combination of literature review and study cases. Techno-economic studies are also abundant. There is a need for, both, quantitative and in-depth case studies. The impact of RES on the SD of islands can be analyzed with either quantitative or qualitative approaches. Both methodologies provide useful information and have their advantages and disadvantages. Therefore, they should not be regarded as substitutes. As discussed in [11] , quantitative studies on the socioeconomic impacts of RES in the mainland have generally focused on employment effects with two types of models: (a) input-output (IO) approaches; and (b) more simple spreadsheets-based analytical models. The later calculate only the jobs created in the production, construction, installation, management and O&M of the different components of the technology or the electricity generation plant. Ratios of jobs created in all those stages per MW of installed capacity are provided, although these ratios differ across studies. In contrast, IO approaches calculate the direct and indirect employment as a result of induced effects from the project [59] .
Both quantitative approaches have advantages and drawbacks (see [11] ). In the context of this paper, there are some disadvantages of quantitative studies. They are not able to capture the relevance of the local context of islands and cannot analyze the interests of local stakeholders and the relationships between them. In the case of RES deployment, these issues can be analyzed with the help of qualitative studies in the form of case studies. These allow the identification of economic and social relationships which are hidden in quantitative studies. Researchers analyzed the competitiveness of waste-to-energy (WTE)
at Puerto Rico, analyzing the production and environmental costs of this technology and comparing it with the traditional landfill and oildriven energy production. The production costs used in this study were compiled from historical data. The environmental cost where calculated using a marginal damage cost function and actual emissions of specific pollutants. The study shows that WTE represented a good management option when landfill production and externality costs were high, fossil fuel production and externality costs were high, WTE production and externality costs were low, and when WTE production processes were able to maximize energy efficiency. The study compares two renewable energy buffering strategies for seasonal buffering in an island context; a hydrogen-based system and a desalinated water-production system with a simulation model for solarhydrogen systems, using the component model library HYDROGEMS
and an in-house made OWC library. The suitability of both models for the winter renewable energy buffer is proven. Both are able to satisfy peak energy and water demands. In this paper, a study is carried out on the SD of renewable energy sources aimed at fulfilling the energy demands of a remote island.
The authors took into account the costs of biogas, biomass, Solar PV and diesel power generation. They found that the conventional diesel power plant can be replaced by RES in a self-sustainable manner to achieve energy independence in a remote island. Two of these resources are even cheaper than the conventional diesel generation system. Only solar system is costlier.
Zsigraiová et al. This paper provides a model that integrates optimization of waste incineration with energy recovery and production of combined heat and power (CHP), the heat being used for drinking water production.
It models Cape Verde's problems of poor primary energy and drinking water sources with a 3D-GIS. The results show that application of municipal solid waste incineration as a treatment alternative for the solid waste in Cape Verde is feasible. In addition to elimination of waste, it is also a potential energy source. The main target of this study is to evaluate the economic performance of a dual mode compressed air energy storage (CAES) system combined with wind farms already operating. The island of
Crete is used as a case study. Life-cycle electricity production costs, including the energy storage installation, were calculated. The researchers concluded that the dual mode CAES configuration is cost-effective to replace the outmoded gas turbines currently used to cover peak loads at extremely high electricity production costs. Techno-economic analysis.
Case study
The study defines a techno-economic compromise between energy crops, a biomass generator, a desalination unit and a irrigation system, using an arid area of Tenerife as the reference case study (experiment).
The study found that the proposed system is energetically balanced and, in addition, it leads to some product surplus (in terms of energy, biomass, water or rescued land). Regarding the economics of the entire system, this is today less favorable, mainly due to the current high prices of the few commercial technologies existing in the bioenergy market, which are not developed at an industrial level. Case study This paper describes the problems faced by Kelp Industries in selecting an alternative fuel source, issues related to wood supply, and the cost savings and employment benefits to the wider community. The fuels taken into consideration were: air dry fuel wood, industrial diesel fuel, L.P. gas and electricity. The potential cost savings of the wood and other aspects were studied. The result was good for the private business (lower costs) and also for the island due to the multiplier effect of the investment in the local economy. This study focuses on the grid-related barriers discouraging the penetration of RES in the electricity system of the Gran Canaria island. It proposes the installation of a wind powered pumped hydro storage system. Basically, this system uses excess electricity production, in periods of low demand, to pump water to a deposit situated at a certain height. This water is then recovered through a turbine to cover peak load demand. The results indicate that the penetration of RES can be increased by almost 2% at a competitive cost.
